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Methylmalonate ( M M A ) is the principal metabolite which accumulates in tissues of patients affected by methylmalonic acidaemia. T h e disorder is caused by an inherited deficiency of 1.-methylmalonyl-CoA mutase ( E C S.4.YY.2) activity and is clinically characterized by severe acidosis and neurological dysfunction. Those who survive the earliest stages o f the disease present a variable degree of mental retardation [ 11. Since ketone bodies are important substrates for brain metabolism in young humans and rats and since their use increases after starvation [ 21, we studied the influence of MMA on the uptake o f ketone bodies it1 iitro by the brain of fed and fasting rats.
Wistar rats wcrc used in this study. Free watcr and a 20% (w/w) protein chow were provided. A mother and eight pups were kept per cage. Half o f the animals were fasted for 30 h before the experiments. T h e rats were killed by decapitation without anaesthesia at 15 days of age. T h e brain was rapidly removed, and the olfactory bulbs, cerebellum and pons/ medulla were discarded. T h e rest o f brain (cerebrum) was cut with a Mcllwain's chopper into prisms of 40 p m width. Brain prisms from fed and fasted animals were incubated under a O,/CO, ( 19: 1 ) mixture at 37°C for 30 min in KrebsRinger bicarbonate buffer, pH 7.0 ( 100 mg of tissue/ml o f buffer) containing either 2.0 mM-P-hydroxybutyrate ( H B A ) o r 5.0 mM-acetoacetate and one of the three concentrations T h e uptake was achieved by subtracting the amounts found after the incubation from the total amount found before the incubation. MMA in the doses used did not alter the buffer pH. Table 1 shows that MMA had no influence on acetoacetate uptake in brain taken from fed and fasting rats. However, M M A significantly diminished brain incorporation of HBA, the effect being more evident in brain prisms of fasting animals.
Since the uptake o f HBA, but not o f acetoacetate, was affected by the presencc o f MMA in the incubation medium, we tested whether P-hydroxybutyrate dchydrogenase ( H B D H ) activity could be inhibited by MMA. Cerebrum was homogenized in a chilled solution o f 0.25 M-sucrose ( 1 .O ml/g of fresh brain) using a Potter-Elvehjem homogenizer for 30 s at 2-4°C. T h e homogenates were submitted t o three cycles of freezing and thawing with liquid nitrogen. T h e HBDH activity was assayed in the preparations according t o Lcong ei ul.
[S] by measuring NADH formation. We found that MMA, in doses of 1.0 mM and higher, inhibited signficantly HBDH activity in brain of fed and fasting rats. T h e effect was more pronounced in fasting animals. Percentages of inhibition relative to controls (homogenatcs incubated without M M A ) with M M A concentrations o f 1.0 mM. 2.5 mM and 5.0 mM were respectively 12, 17 and I Y % for brain homogenates of fed rats ( t i = 7 ) and 10. 19 and 37% for homogenates of fasting animals ( t i = 6). Analysis o f variancc showed that these inhibitions were all significant. Our results, therefore, demonstrate that the activity of HBDH is inhibited by MMA in concentrations similar to those encountered in Vol. 18 BIOCHEMICAL SOCIETY TRANSACTIONS tissues of patients with methylmalonic acidaemia. To our knowledge this is the first report of a suppression of brain HBDH activity by MMA, even though similar inhibition had been previously observed in liver and heart of various species [6]. Infants can use ketone bodies besides glucose for their brain metabolic needs. Hypoglycaemia and ketosis are usually found in children with methylmalonic acidaemia during crises. Since HBA is the predominant ketone body in blood, an impairment of its utilization during crises may affect normal brain metabolism. So, it is possible that the neurological dysfunction encountered in patients affected by methylmalonic acidaemia may be partly due to altered metabolism of brain ketone bodies in early development.
1. Rosenberg, L. E. & R n t o n . W. A. ( 1989) mortem brains from cases of ATD with onset before 65 years (pre-senile ATD) and after 6 5 years (senile ATD) to determine if 5-HT is affected more in the prc-senile than in the senile form of the disease. Dopamine (DA) and its metabolite homovanillic acid (HVA) were measured as indices o f dopaminergic activity, reported to be unaltered in groups of ATD cases comprising an undefined mixture of pre-senile and senile cases [ 1, 2] .
Samples of amygdala, cingulate cortex and caudate nucleus were assayed for 5-HT, 5-HIAA, DA, HVA, choline acetyltransferase (ChAT) and protein 151. Cases of ATD were diagnosed on the basis of clinical symptoms and histological examination and the controls had no history o f central nervous system disorder.
In the pre-senile ATD cases, 5-HT and S-HIAA were reduced in the amygdala and 5-HT was reduced in the cingulate cortex (5-HT values from 151). 5-HT and 5-HIAA concentrations were unaltered in the senile ATD cases (Table  I ). In the caudate nucleus, no significant differences were observed between the concentrations (means _+ s.D., ng/mg of protein) of 5-HT. 5-HIAA. DA and HVA in 12 young controls aged 60 f 7 years (S-HT= 3. I f 0.6. 5-HIAA= Table I 
